Near-field Cosmology with the VLT 



StefFen Mieske^ and Helmut Jerjen^ 

2 I ^ ESO Garching, Karl-Schwarzschild-Str. 2, 85748 Garching, Germany 

smieskeSeso . org 

^ Mt Stromlo Observatory, Australian National University j er j enOmso . anu . edu . au 



o 



o 

CD 

Q 



6 



> 



(N 



O 



With the arrival of wide- field imagers on medium-size telescopes (e.g. SkyMap- 
per, Pan-STARRS) and the future co-existence of LSST with the E-ELT, it is 
worthwhile to evaluate the scientific potential of a CCD camera with « 1 de- 
gree FOV for the VLT. Here we discuss the role that such an instrument could 
play in resolving persisting fundamental problems in "near-field cosmology" . 



1 Science case 



Dwarf galaxies in the local universe are easily studied survivors from the epoch 
of galaxy formation, and thus preferred targets to establish empirical bench- 
marks for high redshift cosmological studies, in particular calibrating theories 
' of galaxy formation and interpreting the observed galaxy luminosity func- 

tion. While ylCDM predictions for structure formation on large scales agree 
well with the distribution of baryonic matter (galaxies) , it is in the low mass 
regime where strong discrepancies persist between the expected frequency of 
O^l ' low-mass dark matter halos and the number of known dwarf galaxies (e.g. 

[19], [12], [30], [18]). The most prominent place affected by this so-called 
substructure crisis is the Local Group, even when accounting for the recently 
discovered ultra- faint dwarf spheroidals ([24], [31]). 

A solution of this problem may well be found in fundamental physics such 
, as warm or self- interacting dark matter ([2], [25]). Alternatively, there is no 

^ ' shortage of astrophysical mechanisms that can diminish the accumulation 

of baryons in low mass dark matter potential wells: long cooling times for 
primordial gas in small halos ([5]), galactic winds driven by supernovae and 
hot stars ([3]), or pressure support against collapse of the intergalactic plasma 
after reionization ([26], [4]). 

The present picture is further confused because there are a multitude 
of reasons why the faint end of the galaxy luminosity function, the optical 
manifestation of the dark matter mass function and completely governed by 
dwarf galaxies ([1]), could deviate from the simple CDM theory expectation. 
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Progress on this fundamental issue is currently limited by observations, not 
theory as most recent studies of the galaxy luminosity function in Virgo ([20], 
[29], [23]) and Fornax ([11], [6], [18]) demonstrated that the ambiguity in at- 
tributing membership status to cluster /group galaxy candidates is the prime 
source of uncertainty on the quest to find the accurate shape, slope, and pos- 
sible turning point of the galaxy luminosity function. 

This ambiguity can only be resolved by deriving genuine distances to com- 
plete populations of dwarf galaxies. 

2 GalaLxy distances from surface brightness fluctuations 

Especially in dense environments, the faint end slope of the galaxy luminos- 
ity function is completely determined by the large number of dwarf elliptical 
galaxies, stellar systems primarily composed of old stars and having an almost 
featureless morphology (Fig. 1). An intriguing possibility to directly derive dis- 
tances to such galaxies is the Surface Brightness Fluctuation (SBF) method, 
whose theoretical framework was developed by [27]. The method quantifies 
the statistical pixel-to-pixel variation of star counts across a galaxy image 
with the major technical advantage of working on unrc;solved stellar popula- 
tions. Since these variations normalised to the underlying mean galaxy light 
are inversely proportional to distance (see Fig. 2), the SBF amplitude can be 
used as a distance indicator, once the dependence of the amplitude on stellar 
content (age, metallicity) is corrected for (e.g. [28]). Jerjen and collaborators 
([7], [9], [10], [21] and Mieske et al. ([15], [18]) demonstrated that the method 
works well for low surface brightness dEs as faint as ^b,cS = 26 mag arcsec"^ 
and Mb = —10 mag, out to distances of 20 Mpc using 8m class telescopes. 

3 Statistical analysis of dwarf galELxy properties 

Beyond 30-40 Mpc, the SBF method is not efficient anymore for measuring 
distances to faint dwarf galaxies ([14]). However, near-field cosmology clearly 
should include the study of low-mass substructures over a range of environ- 
ments of different scale length: inner-cluster distribution, cluster-to-cluster 
variations, distribution bias with respect to large-scale filaments and voids. 
To achieve a proper sampling of these different levels of structure scales, one 
must extend dwarf galaxy studies out to z=0.05 to 0.1 (see for example [22]), 
to cover typical filament length scales of a few hundred Mpc. This corresponds 
to an area on the sky of a few thousand square degrees. 

From Fig. 3 it is clear that even with relatively short exposmes of a 
few minutes on an 8m class telescopes, low surface brightness galaxies with 
Mv ~ — 11 mag can be detected. Considering the decrease of angular size with 
distance, more realistic detection and classification limits for dwarf galaxies 
are My ~ -11 out to 50 Mpc, and My 13 out to 200 Mpc (z=0.05). 
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Fig. 1. Galaxy luminosity functions for a range of environments, broken down into 
different morphological types (Jerjen 2000). The faint end of the luminosity function 
in dense environments is dominated by early-type dwarf elliptical galaxies. 




Fig. 2. The principle of SBF distance estimates. Two simulated images of early-type 

galaxies with implemented surface brightness fluctuations, having identical angular 
size but different distance ([14]). The galaxy on the right is at a 4 times larger 
distance than the galaxy on the left giving a smoother apppearance. 

Going back to Fig. 1. these magnitude limits are well in the regime where the 
faint end slope a dominates the shape of the galaxy luminosity function. 

Of course, detecting low-surface brightness dwarf galaxy candidates alone 
is insufficient to derive their absolute luminosity and constructing a fiducial 
galaxy luminosity function. Therefore, a deeper SBF survey is required cov- 
ering a few control regions like dense clusters and loose groups to calibrate 
secondary distance modulus estimators, such as angular size vs. central surface 
brightness, and colour (e.g. [18]). 
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4 Scientific aims and survey setup 

In summary, we advocate the combination of a smaller scale but deep imaging 
survey with a shallow imaging survey over a much larger area, in order to 
study the properties of low-mass galaxies in the nearby universe as a function 
of environment. The scientific topics that can be addressed by conducting 
such a near-field cosmology survey are the following: 

• Contrast the galaxy luminosity function with the expec;tc;d mass 
spectrum. At which luminosity /mass do baryons decouple from dark mat- 
ter? How does this depend on environment? This will give crucial input 
for studies on dark matter phase space properties, reionization, feedback, 
photoionization. 

• What are the clustering properties, spatial and angular correlation func- 
tion of low mass galaxies compared to ylCDM predictions. What is the 
origin of satellite galaxies? 

• Constrain the anisotropy of dark matter distribution on scales <100 Mpc 

(Great Attractor. 

• Morphological segregation/ transformation, harrassment, as a function of 
environment. 

• Synergy with other scientific areas include the study of globular cluster sys- 
tems, intra-cluster light, far-field cosmology surveys: ISW, cluster count- 
ing, weak lensing, BAO. 

While the shallow, dE identification survey could in principle also be done 
based on data from future surveys with 4m class telescopes, the deep distance 
survey requires the light collecting area of an 8m class telescope. This in order 
to directly derive distances to faint dwarf galaxies with the SBF method. For 
the deep survey we estimate an area of about 500 square degrees would be 
sufiicient to fully cover the most prominent nearby galaxy clusters (d<50 
Mpc) and a substantial portion of the low density field environment. It would 
require about one hour of total integration time per pointing shared between 
V and I (or B and R) band exposures, in order to derive reliable SBF distances 
for d<50 Mpc and My ~ -14 mag ([14]). Most of the time will be used for 
the red filter, which is generally better suited for SBF measurement ([28], 
[10], [15], [16], [17], [13]). The colour information is used to correct the SBF 
amplitude for stellar population effects. 

With a wide- field imager (1 sq degree FOV) at the VLT, one would require 
about 60 nights of observing time for the deep survey. Assuming a 5000 sq 
degree coverage for the shallow survey, one would require roughly 100 nights 
of observing time for 200 seconds exposures in two optical filters V and I (or 
B and R). 
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Fig. 3. Here we compare the image obtained from a 200s exposure in V of a dwarf 
galaxy with My = — 11 mag at a distance of 20 Mpc. The left image corresponds 
to the VLT mirror size (8.4m), the right image to the VST mirror size (2.6m). The 
galaxy is only detectable on the VLT image. 
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